Zeolitic tuffs are found in different parts of the world. Iranian zeolite is a low-cost material that can be frequently found in nature. Surfactant-modified zeolite (SMZ) can be used for the adsorption of natural organic matter (NOM) from aqueous solutions. The adsorption study was conducted to evaluate the adsorption capacity of SMZ; furthermore, the effects of contact time, initial pH, and the initial adsorbent dose on the adsorption process were investigated in a batch system. The kinetic studies showed that the adsorption of NOM on SMZ was a gradual process. The optimum initial pH values for the adsorption of NOM on SMZ were in the acidic ranges. The batch kinetic experiments showed that the adsorption followed the pseudo-second-order kinetic model with good correlation coefficients. The equilibrium data were well described by the Langmuir isotherm model. The results show that the natural zeolite being modified with NaCl and hexadecyltrimethylammonium bromide as a cationic surfactant was an appropriate adsorbent for the removal of NOM.
INTRODUCTION
It is worth noting that each zeolite has intrinsic properties, and the efficiency with which a particular zeolite absorbs a pollutant may vary. Since the efficiency of Iranian zeolites has not been evaluated for the removal of NOM from aqueous solution, the present study aimed to modify a natural Iranian zeolite with NaCl and HDTMA, and investigate its efficiency as a low-cost and frequent adsorbent for the removal of NOM from water. The effects of operational parameters on the adsorption of NOM were evaluated.
MATERIALS AND METHODS

Raw materials
The natural zeolite was obtained from Semnan province located in the central region of Iran via Afrazand Co. Ltd.
The surface morphology of the natural and surfactantmodified zeolite was analyzed by scanning electron microscopy (SEM) (XL30 Philips Holland). X-ray fluorescence spectroscopy (PW 2404 Philips Holland) was used to analyze the chemical composition of the natural zeolite.
The crystallinity phase of the natural and SMZ samples was analyzed using X-ray diffraction (XRD) (Philips-XPERT) techniques. HDTMA was purchased from Merck Company, Germany. Other chemicals used in this study were obtained from Merck Company, Germany. NOM solution samples were real and collected from Tehran Latiyan dam.
Preparation of adsorbent
The zeolite tuff was ground and sieved using 0.21-0.3 mm American Standard Test Sieve Series (ASTM) sieves. The milled zeolitic tuff was washed several times to remove inorganic impurities; then, for dissolution of salts, 10 g of the zeolite was completely soaked in 1 L of deionized water for 24 hours. To eliminate organic materials in the zeolite, it was then dried at a temperature above 250 
Treatment of the natural zeolite with NaCl
Before the modification of the zeolite surface with the surfactant, in order to make homoionic adsorption sites on the zeolite surface with sodium, 10 g of the zeolite was 
where C 0 and C t are the initial and residual concentrations of NOM (mg/L), respectively.
Blank samples were used as controls for each series of experiments. The amount of adsorbed NOM on SMZ was calculated using the following equation:
where q e is the amount of NOM adsorbed on adsorbate (mg/g) at equilibrium time, C e is the equilibrium liquidphase concentration of NOM (mg/L), V is the volume of the solution (L), and M is the weight of the adsorbent used (g).
RESULTS AND DISCUSSION
Characterization of the natural zeolite
The XRD patterns showed that clinoptilolite was the main component of the natural zeolite. The structural parameters of the SMZ were very close to that of the corresponding parent natural zeolite, which showed that the crystalline nature of the zeolites remained intact after chemical treatment with surfactant molecules (Figure 1 ). The surface of the natural and modified zeolite was observed using an SEM device and the observed results are presented in Figure 2 .
The crystal structure of the natural zeolite can be clearly seen (Figure 2(a) ). However, the crystal structure of the SMZ shows different images (Figure 2(b) ). This result indicates that an organic layer formed on the zeolite surface when natural zeolite was modified by the surfactant solution. The chemical composition of the natural zeolite is given in Table 1 .
The CEC and ECEC of the natural zeolite were determined to be 1.85 and 0.205 meq/g, respectively. Figure 4 shows that the amount of adsorbed NOM depends on the initial concentration of NOM in the solution. By increasing the initial concentration of NOM from 4 to 30 mg/L, the amount of adsorbed NOM at the equilibrium time (q e ) increased from 4 to 16 mg/g. It was observed that the Anirudhan & Ramachandran ). However, Lin's study showed that the tannic acid adsorption capacity for SMZ was relatively high at solution pH of 4.0-7.0, and decreased with increasing solution pH from 7.0 to 8.5 (Lin et al. b) . 
Effect of contact time and initial concentration
Effect of pH
Effect of adsorbent dose
Adsorption kinetics
The pseudo-first-order of Lagergren is one of the most widely used equations for the sorption of solute from a liquid solution (Ho & McKay ) . The differential pseudo-first-order equation is expressed as follows:
where q t and q e are the amount of the NOM adsorbed (mg/g) at time t and at equilibrium time, respectively, and k 1 is the rate constant of adsorption (1/min). The integration of Equation (3) with the initial conditions, q t ¼ 0 at t ¼ 0 and q t ¼ q e at t ¼ t e leads to the following: logðq e À q t Þ ¼ logq e À ðk 1 =2:303Þt (4) 
where k 2 is the equilibrium rate constant calculated for the pseudo-second-order adsorption model (g/mg/min).
Equation (5) can be arranged to obtain linear form as follows:
where h is the initial sorption rate and can be obtained from the intercept. The pseudo-second-order kinetic analysis reveals that the value of the initial adsorption rates, h, increases with increase in the initial NOM concentration ( Table 2 ). The lower the concentration of NOM in the solution, the lower the probability of collisions between the adsorbate and active site on the surface of the adsorbent.
The q e is obtained from the slope of the plot of t/q t against t (Figure 6(b) ), k 2 can be calculated from the value of the initial sorption rate. The calculated q e values agree with the experimental data very well (Table 3 ). The correlation coefficients (r 2 ) for the pseudo-second-order kinetic model are higher than 0.99 for all concentrations. These indicate that the adsorption of NOM from solution onto SMZ3 obeys the pseudo-second-order kinetic model.
Adsorption isotherm
In this study, experimental data were analyzed by the Langmuir and Freundlich isotherm models. The linearized form of the Langmuir equation is given as follows:
where C e (mg/L) is the equilibrium concentration of NOM in the solution, q e (mg/g) is the amount of NOM adsorbed onto SMZ3 at equilibrium, q m (mg/g) is the maximum adsorption capacity, and K l (L/mg) is the Langmuir constant related to the sorption energy. The plot of 1/q e versus 1/C e gives a straight line (Figure 7(a) ), and the slope and intercept of this line correspond to q m and K l , respectively ( The essential attributes of the dimensionless separation factor (R L ) can be written as follows:
where K l (L/mg) is the Langmuir constant and C 0 (mg/L) is the initial concentration of NOM. The R L values between 0 and 1 indicate favorable adsorption. The adsorption process is irreversible when R L is 0, linear when R L is 1, and unfavorable when R L is greater than 1. By calculating the R L values for the examined adsorption system, values were found to be 0.44-0.64 for NOM concentrations ranging from 4 to 60 mg/L at 25 W C (Table 3) . Accordingly, these values show that the adsorption process is favorable. The linearized form of the Freundlich isotherm is presented as the following equation:
where C e (mg/L) is the equilibrium concentration of the adsorbate, q e (mg/g) is the amount of NOM adsorbed per the mass unit of the adsorbent, and k f (mg/g) and n are the Freundlich constants where n is an indicator to determine the adsorption process favorability, and k f is the adsorption capacity of the adsorbent. These constants can be determined from the linear plot of log q e versus log C e (Figure 7(b) ). k f can be explained as the adsorption or distribution coefficient and represents the quantity of NOM adsorbed onto SMZ3 for a unit equilibrium concentration.
The Table 4 . The results suggest that SMZ3 adsorbs NOM favorably. However, the values of the correlation coefficients (r 2 ) indicate that the Langmuir isotherm is the best-fitted graph for the adsorption of NOM on SMZ3.
CONCLUSIONS
The results show that SMZ can be used as a low-cost adsorbent for the adsorption of NOM from aqueous solution, especially in areas where there are many zeolite mines. 
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